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Atrial Functional
Mitral Regurgitation
The Left Atrium Gets its Due Respect*
Brian D. Hoit, MD
Cleveland, Ohio
My psychiatrist told me I was crazy and
I said I want a second opinion.
He said okay, you’re ugly too.
—Rodney (“no respect”) Dangerfield (1)
Moderate or greater mitral regurgitation (MR) is the most
frequent valve disease in the United States, with a preva-
lence (exceeding 2 million people in 2002) that is antici-
pated to double by 2030 (2,3). Competence of the mitral
valve requires a temporally and spatially coordinated inter-
action of the mitral leaflets with the annulus, chordae
tendinae, and papillary muscles; dysfunction of any of these
components will affect the normal systolic coaptation of the
anterior and posterior leaflets and cause mitral regurgitation.
Mechanistically, MR is classified as either primary (i.e.,
intrinsic valve disease) or functional, and is further subclas-
sified by the degree of leaflet mobility. Functional MR
occurs in patients with a structurally normal valve (generally
with restricted leaflet mobility), mitral annular dilation, and
left ventricular remodeling (4); whether annular dilation
alone (no left ventricular [LV] remodeling, normal leaflet
mobility) is sufficient for the development of MR is
controversial.
See page 1474
The mitral annulus is a thin, discontinuous, fibrofatty ring
that geometrically resembles a hyperbolic paraboloid that is
bordered by insertions of atrial and ventricular myocardium
(5). The nonplanarity and shape of the annulus reduce
mechanical stress on the leaflets, and the sphincteric con-
traction by the associated myocardial fibers reduces annular
area 25% during the cardiac cycle, thereby facilitating
normal leaflet coaptation (6). The posterior annulus is in
contact with both left atrial myocardium and the base of the
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Medical.posterior mitral leaflet (5); accordingly, left atrial enlarge-
ment may contribute to the development of MR by exerting
tension on the posterior leaflet and by altering the planarity
of the mitral annulus. Moreover, anterior mitral leaflet
musculature of atrial origin may modulate leaflet stiffness
and help timely valve closure (7). Interestingly, phenol
ablation of the annular and leaflet musculature on the atrial
side of the valve in sheep with normal LV geometry results
in a reduction in pre-systolic annular area, delayed mitral
valve closure, and a change in shape of the anterior mitral
leaflet during valve closure, suggesting that atrial myocar-
dium influences the 3-dimensional geometry and function
of the annulus and anterior mitral leaflet (8).
Despite these animal data, echocardiographic studies in
humans with lone atrial fibrillation (i.e., normal LV size and
function) have concluded that isolated annular dilation does
not lead to significant MR (9–11). For example, Otsuji et
al. (9) found that compared with patients with ischemic
cardiomyopathy and significant MR, patients with lone
atrial fibrillation (AF) and a similar degree of annular
enlargement had only modest MR (regurgitant fraction: 36 
25% vs. 3  8%); in a multivariate analysis, posterior
mitral leaflet tethering length, but not mitral annular
enlargement, was an independent contributor to moderate
or greater MR. These data confirm the notion that signif-
icant functional MR requires LV remodeling–generated
leaflet distortion in addition to annular enlargement. In-
deed, progression or recurrence after annuloplasty for func-
tional MR relates modestly to annular dilatation but
strongly to mitral leaflet tenting that is a function of
ventricular remodeling, papillary muscle displacement, and
increased chordal traction (4). Although leaflet tenting (and
the resultant incomplete mitral leaflet closure) is most
responsible mechanistically, mitral valve prolapse and altered
mitral annular dynamics have been implicated in ischemic
functional MR (12,13).
In this issue of the Journal, Gertz et al. (14) test the
hypothesis that significant functional MR in patients with
lone AF may be caused solely by left atrial enlargement and
annular dilation produced by atrial remodeling. Patients
referred for a first AF ablation who had both a baseline
echocardiogram and 1-year clinical follow-up, normal LV
systolic function, and at least moderate mitral regurgitation
(the “MR cohort”) were compared with a control “reference
cohort” with mild MR or less, selected from the same group
of referents (14). Importantly, the MR cohort was older and
more frequently hypertensive. Not surprisingly, these pa-
tients more often had persistent than paroxysmal AF, and
had a larger left atrium and mitral annulus than controls.
Interestingly, in patients with follow-up echocardiograms
(32 of 53 patients), maintenance of sinus rhythm resulted in
greater reductions in left atrial volume and mitral annular
diameter and less MR than those whose arrhythmia re-
curred. These data support the authors’ hypothesis that AF
may be associated with an “atrial functional MR” (as
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eling) of at least moderate severity. Although the authors
imply tacitly that atrial functional regurgitation produces
significant MR, it is likely that mild functional MR is a
common complication of atrial fibrillation. In that regard, a
trivial, albeit statistically significant, increase in MR severity
was noted in the controls whose arrhythmia recurred.
Although the notion that AF and resultant left atrial and
(especially) annular dilation may be the cause of functional
MR is not itself novel (15–18), these earlier and smaller
studies argue convincingly for an association, not a causal
relationship. The study by Gertz et al. (14) is distinctive in
that the salutary changes after ablation in the MR cohort
(but also in the reference cohort) make a compelling case for
causation. Although the improvement in MR severity and
left atrial enlargement in the recurrence group is unex-
plained, 1 hypothesis that warrants testing is that the overall
burden of AF was reduced in both groups. The fact that
24% of patients in sinus rhythm still had moderate or severe
MR at follow-up suggests that AF, although reduced, was
not eliminated. The use of continuous electrocardiographic
monitoring would help resolve both of these issues.
These data are provocative and conflict with conventional
dogma, and accordingly, need to be interpreted with a clear
understanding of the study limitations. The authors recog-
nize the biases inherent in their retrospective study design
and the difficulties arising from incomplete data collection;
there is also a need to consider the patient’s age, the
influence of concomitant medications and disease severity,
and referral biases. Although the method used to estimate
the severity of MR (i.e., color flow jet area) is an acknowl-
edged limitation, the relevance to this investigation is
somewhat understated and warrants emphasis. Color flow
jet area provides a rapid screening of the presence and
direction of the regurgitant jet and a semiquantitative
assessment (at best) of its severity. Although a larger area
may reflect more significant regurgitation, the sole reliance
on a single-frame measurement of jet size (either alone or,
as in this case, normalized for left atrial size) can be quite
misleading, as anatomic, physiological (especially left atrial
size and compliance), and instrument factors, such as pulse
repetition frequency, color gain, and transducer frequency,
all significantly impact regurgitant jet size (19,20). Color
flow area is also influenced by the momentum of flow,
which is the product of flow rate and velocity; because of
this, a jet may appear larger by increasing the driving
pressure (in this instance, systolic systemic blood pressure)
across the valve. Thus, hypertensive patients with mild MR
may have a large jet area. Thus, a critical point for future
studies is that the evaluation of MR severity should be
quantitative and integrate multiple parameters, rather than
being dependent on a single measurement (19). In this
regard, the authors correctly caution that the findings
“should be considered hypothesis-generating only” (14).
The precise mechanism(s) of atrial functional mitral
regurgitation are not clear. Atrial fibrillation may produceMR by the effects that fibrillation-induced atrial remod-
eling has on atrial function and synchrony, and annular
size, geometry, and function. Changes in the ratio of
leaflet area to annular area, alterations in the normal
geometric relations between the leaflets and annulus, and
the potential effects of atrial musculature on the shape of
the annulus and mechanical forces on the leaflets may all
be operative. Moreover, although the atrial remodeling
process is essentially equated with mitral annular remod-
eling, reverse atrial remodeling following successful ab-
lation may have improved atrial asynchrony and increased
atrial systolic function as was shown after cardioversion
for persistent atrial fibrillation (21).
The prognosis of (ventricular) functional MR is incom-
pletely defined, but is poor even with modest degrees of
regurgitation, and surgical outcomes are not optimal (4). An
understanding of the natural history of atrial functional MR
is inchoate, although the data from Gertz et al. (14) suggest
that reducing the burden of atrial fibrillation decreases the
severity of regurgitation. The implications of these findings
are highly relevant, considering the debate of rate versus
rhythm control of AF (22). It is also unknown whether the
prognosis is different in patients with AF with than without
atrial functional MR; however, there is some suggestion that
it is (17).
Finally, the prevalence of atrial functional regurgitation is
uncertain. Although infrequently described, given the epi-
demic increase in the incidence of AF (23), the 6.5%
incidence in this select group of patients referred for their
first ablation suggests that atrial functional MR is not rare.
Clearly, the mechanism of atrial functional MR and its
clinical significance must be understood in additional stud-
ies using more quantitative methods. Real-time 3-
dimensional echo of the annulus and the coaptation line to
study geometry and function of the annulus and its relation
to the leaflets may be a useful method in this regard (24).
Until then, the concept of atrial functional regurgitation
provides an intriguing, but untested, rationale for aggressive
rhythm control of AF. Nevertheless, the left atrium seems
to be getting the respect that it deserves.
Reprint address and correspondence: Dr. Brian D. Hoit,
Harrington-McLaughlin Heart and Vascular Institute, University
Hospitals Case Medical Center, 11100 Euclid Avenue, Cleveland,
Ohio 44106. E-mail: bdh6@po.cwru.edu.
REFERENCES
1. BrainyQuote.com. Rodney Dangerfield quotes. Available at: http://
www.brainyquote.com/quotes/authors/r/rodney_dangerfield_2.html.
Accessed August 19, 2011.
2. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG,
Enriquez-Sarrano M. Burden of valvular heart diseases: a population-
based study. Lancet 2006;368:1005–11.
3. Stefano G, Fox K, Schluchter M, Hoit BD. Prevalence of unsuspected
and significant mitral and aortic regurgitation. J Am Soc Echocardiogr
2008;21:38–42.
4. Enriquez-Sarano M, Akins CW, Vahanian A. Mitral regurgitation.
Lancet 2009;373:1382–94.
1484 Hoit JACC Vol. 58, No. 14, 2011
Atrial Functional MR September 27, 2011:1482–45. Silbiger JJ, Bazaz R. Contemporary insights into the functional
anatomy of the mitral valve. Am Heart J 2009;158:887–95.
6. Flachskampf FA, Chandra S, Gaddipatti A, et al. Analysis of the
shape and motion of the mitral annulus with and without cardiomy-
opathy by echocardiographic 3-dimensional reconstruction. J Am Soc
Echocardiogr 2000;13:277–87.
7. Curtis MB, Priola DV. Mechanical properties of the canine mitral
valve: effects of autonomic stimulation. Am J Physiol 1992;262:
H56 – 62.
8. Timek TA, Lai DT, Dagum P, et al. Ablation of mitral annular and
leaflet muscle: effects on annular and leaflet dynamics. Am J Physiol
2003;285:H1668–74.
9. Otsuji Y, Kumanohoso T, Yoshifuku S, et al. Isolated annular dilation
does not usually cause important functional mitral regurgitation:
comparison between patients with lone atrial fibrillation and those
with idiopathic or ischemic cardiomyopathy. J Am Coll Cardiol
2002;39:1651–6.
10. Zhou X, Otsuji Y, Yoshifuku S, et al. Impact of atrial fibrillation on
tricuspid and mitral annular dilatation and valvular regurgitation. Circ
J 2002;66:913–6.
11. Yiu SF, Enriquez-Sarano M, Tribouilloy C, et al. Determinants of the
degree of functional mitral regurgitation in patients with systolic left
ventricular dysfunction: a quantitative clinical study. Circulation 2000;
102:1400–6.
12. Tei C, Sakamaki T, Shah PM, et al. Mitral valve prolapse in
short-term experimental coronary occlusion: a possible mechanism of
ischemic mitral regurgitation. Circulation 1983;68:183–9.
13. Glasson JR, Komeda M, Daughters GT II, et al. Three-dimensional
dynamics of the canine mitral annulus during ischemic mitral regur-
gitation. Ann Thorac Surg 1996;62:1059–68.
14. Gertz ZM, Raina A, Saghy L, et al. Evidence of atrial functional
mitral regurgitation due to atrial fibrillation: reversal with arrhythmia
control. J Am Coll Cardiol 2011;58:1474–81.
15. Kihara T, Gillinov AM, Takasaki K, et al. Mitral regurgitation
associated with mitral annular dilation in patients with lone atrial
fibrillation: an echocardiographic study. Echocardiography 2009;26:
885–9. m16. Tanimoto M, Pai RG. Effect of isolated left atrial enlargement on
mitral annular size and valve competence. Am J Cardiol 1996;77:
769 –74.
17. Glower DD, Bashore TM, Harrison JK, Wang A, Gehrig T, Rankin
JS. Pure annular dilation as a cause of mitral regurgitation: a clinically
distinct entity of female heart disease. J Heart Valve Dis 2009;18:
284–8.
18. Kilic A, Schwartzman DS, Subramaniam K, Zenati MA. Severe
functional mitral regurgitation arising from isolated annular dilatation.
Ann Thorac Surg 2010;90:1343–5.
19. Zoghbi WA, Enriquez-Sarrano M, Foster E, et. al. Evaluation of the
severity of native valvular regurgitation with two-dimensional and
Doppler echocardiography: a report from the Task Force on Valvular
Regurgitation of the American Society of Echocardiography. J Am Soc
Echocardiogr 2003;16:777–802.
20. Hoit BD, Jones M, Eidbo EE, Elias W, Sahn DJ. Sources of
variability for Doppler color flow mapping of regurgitant jets in an
animal model of mitral regurgitation. J Am Coll Cardiol 1989;13:
1631–6.
21. Dell’Era G, Rondano E, Franchi E, Marino PN. Atrial asynchrony
and function before and after electrical cardioversion for persistent
atrial fibrillation. Eur J Echocardiogr 2010;11:577–83.
22. Reiffel JA. Atrial fibrillation: what have recent trials taught us
regarding pharmacologic management of rate and rhythm control?
Pacing Clin Electrophysiol 2011;24:247–59.
23. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial
fibrillation in adults: national implications for rhythm management
and stroke prevention: the AnTicoagulation and Risk Factors in Atrial
Fibrillation (ATRIA) study. JAMA 2009;285:2370–5.
24. Little SH, Ben Zekry S, Lawrie GM, Zoghbi WA. Dynamic annular
geometry and function in patients with mitral regurgitation: insight
from three-dimensional annular tracking. J Am Soc Echocardiogr
2010;23:872–9.Key Words: atrial fibrillation y left atrium y mitral annulus y
itral regurgitation.
